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The exotic states X0,1(2900) with the quark flavor of csu¯d¯ are recently observed in the
mass spectrum of D+K− in B− → D−D+K− by the LHCb collaboration. To explore the
nature of X0,1(2900), except for analyzing their masses and decay widths as usually did in
literatures, the study of their production mechanism in B-meson weak decays would pro-
vide another important information. The amplitude of B− → D−X0,1 is non-factorizable.
We consider the final-state-interaction effects and calculate them via the rescattering mech-
anism. The measured branching fractions of B− → D−X0,1 are revealed. It is manifested
by B− → Λ−c Ξ(′)0c and Λ0b → P+c K− that the rescattering mechanism can result in the rela-
tively large branching fractions. The similar processes of B− → pi−X0,1 are also analyzed.
The isospins of X0,1 can be investigated by B → DX±,00,1 decays.
I. INTRODUCTION
Very recently, the LHCb collaboration reported the discovery of two new exotic structures
X0(2900) and X1(2900) in the D+K− invariant mass distributions of the decay process of B− →
D+D−K− [1, 2]. Their spin-parity quantum numbers are JP = 0+ and 1−, respectively, with
the masses and widths as MX0(2900) = 2866 ± 7MeV, ΓX0(2900) = 57 ± 13MeV, MX1(2900) =
2904±5MeV, ΓX1(2900) = 110±12MeV. A lot of theoretical works are proposed to explain these
two exotic states as either compact tetraquarks or molecular states, or non-resonant triangle singu-
larities [3–19]. The D+K− channel implies those two states are composed by four fully different
flavors, csu¯d¯. The open-heavy-flavor states with four different flavors are extremely exotic and
helpful for understanding the low-energy non-perturbation behavior of the QCD and nature of the
strong interactions, thus of high interests both in the theoretical studies and experimental searches
[20–28].
To explore the nature of exotic states, the production mechanism would provide important
information, except for analyzing the masses and decay widths as usually did in literatures. It
was proposed to search for the bsu¯d¯ and csu¯d¯ tetraquarks in the direct production in the hadron
collisions [20]. Constituting with only one heavy quark, these tetraquarks are expected to be
produced with a large rate. The lowest thresholds are BK or DK which are 270 MeV higher than
Bspi or Dspi of other four-different-flavor tetraquark states. There are some possibilities for the
mass regions of the lowest-lying ground states of bsu¯d¯ or csu¯d¯ below the BK or DK thresholds
[20–26]. In these cases, these states are stable and can only decay weakly. The longer lifetimes will
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2TABLE I. The fit fractions ofB− → D−X0,1(2900) inB− → D+D−K− and the corresponding branching
fractions obtained by LHCb [1, 2].
Fit fraction Brexp
B− → D−X0(2900)0 (5.6± 0.5)% (1.23± 0.41)× 10−5
B− → D−X1(2900)0 (30.6± 3.2)% (6.73± 2.26)× 10−5
be helpful for the experimental searches in the hadron colliders by rejecting the backgrounds from
the primary vertex [20]. For the observed X0,1(2900), their masses are much higher than the DK
threshold, indicating that X0,1 are not the lowest-lying ground states. They are produced in the B-
meson weak decays, B− → D−X0,1 [1, 2]. From Table. I, the relatively large branching fractions
are the key point in the observation of X0,1(2900). Therefore, it is necessary to understand the
production mechanism of X0,1(2900) in the weak decays of B mesons and the corresponding
branching fractions.
FIG. 1. The topological diagram of the B− → D−X0,1(2900) decays.
The topological diagram of the weak decays of B− → D−X0,1(2900) is shown in Fig. 1. It
is an external W -emission diagram. Unlike the B-meson weak decays into the ordinary quark-
antiquark mesons, this diagram is non-factorizable since the weak-interaction produced sc¯ enter
into different final states, with additional dd¯ generated from vacuum. It is not easy to calculate this
diagram with the unknown structure of X0,1(2900) in the QCD-inspired methods. With one more
quark-antiquark pair in the final state, at least two gluons are required making the gluons not as
hard as the ordinary B decays.Therefore, the long-distance contributions would play a significant
role in the decays of B− → D−X0,1.We would calculate the final-state-interaction (FSI) effects
for the production of X0,1(2900) in B− → D−X0,1.
The rescattering mechanism for the FSI effects has been successfully applied to predict the
discovery channel of the doubly charmed baryon, Ξ++cc → Λ+c K−pi+pi+ [29, 30], where the long-
distance contributions are large in the charm scale. At the bottom scale, it has been tested in the
B → pipi,Kpi andDpi modes [31].Since one more quark-antiquark pair contributes to the decays of
B− → D−X0,1, we will test the rescattering mechanism again in the processes of B− → Λ−c Ξ(′)0c
and Λ0b → P+c K− which are both non-factorizable for the similar external or internal W -emission
diagrams with additional quark-antiquark pair generated from vacuum.
The existence and the nature of X0,1(2900) should be cross-checked by other processes. The
decay of B− → pi−X0,1 is very similar to B− → D−X0,1 but with a replacement of c¯ in D− by
u¯ in pi−. Prediction on the branching fractions of B− → pi−X0,1 would be helpful to confirm
the existence of X0,1(2900). Besides, the isospins of X0,1(2900) are unknown from the current
measurement. We propose to measure more isospin-related processes, such as B− → D0X−0,1,
3B
0 → D0X00,1 and B0 → D−X+0,1. Once the isospin partners X±i were observed, Xi could be
determined as isospin triplet.
This manuscript is organized as follows. In Section II, we calculate the branching fractions of
B− → D−X0,1 using the rescattering mechanism, revealing the experimental measurement. The
rescattering mechanism for such unusual processes is manifested in Section III by B− → Λ−c Ξ(′)0c
and Λ0b → P+c K−. The branching fraction of B− → pi−X0,1 are predicted in Section IV. The
isospin analysis on B → DX0,1 are provided in Section V. Section VI is a summary.
II. BRANCHING FRACTIONS OF B− → D−X0,1
The exotic states of X0,1(2900) are observed in the amplitude analysis of B− → D−D+K−
[1, 2]. The fit fractions of B− → D−X0,1 are as large as 5.6% and 30.6%, respectively, shown in
Table I. Considering Br(B− → D−D+K−) = (2.2 ± 0.7) × 10−4 [32], the branching fractions
of B− → D−X0,1(2900) can be obtained and listed in Table I. The relatively large branching
fractions at the order of 10−5 are important for the experimental measurement and observation. The
deep understanding of the production mechanism of X0,1(2900) in the decay of B− → D−X0,1
will be helpful for the exploration the nature of X0,1 states.
The topological diagram of B− → D−X0,1 decay modes is depicted in Fig 1. This topologi-
cal diagram induced by W -external emission diagram is unusual compared to ordinary B meson
decays, since qq¯′ pair enter into different final states instead of annihilation. Such a topological
diagram are totally non-factorizable and unavailable in the perturbative QCD calculations. On
the contrary, these processes are dominated by the long-distance contributions. In this paper, we
calculate the long-distance contributions by FSIs effects, which is modeled as soft rescattering of
two intermediate particles. The FSIs are usually calculated at hadron level under the one-particle-
exchange model, which has achieved great success, especially in prediction of the weak decays
of doubly-charmed baryon Ξ++cc [29]. The applications of the rescattering mechanism in the weak
decays of B and D mesons are given in Refs.[31, 33, 34].
In the framework of rescattering mechanism, the decay B− → D−X0,1(2900) can most likely
proceed as B− → D∗−s D0 → D−X0,1(2900) via exchanging one intermediate state of K0. The
quark-level diagram is depicted in Fig.2(a), while the corresponding hadron-level diagram is in
Fig.2(b).
(a) (b)
FIG. 2. (a) Quark-level diagram of B− → D−X0,1(2900) within the rescattering mechanism. (b) The
corresponding hadron-level triangle diagram.
The calculation of the FSIs effect can be carried on in different ways. In general ,the absorptive
part of a two-body decay B− → D−X0,1(2900) can be related to a weak decay process B− →
D∗−s D
0, followed by the strong rescattering ofD∗−s D
0 → D−X0,1(2900). In this work, we assume
the absorptive part is dominating and neglect the dispersive part.
4Under the factorization approach, the weak-decay vertex can be expressed as:
〈D∗−s D0|Heff |B−〉 =
GF√
2
VcbV
∗
csa1fD∗smD∗sF
B→D
1 (m
2
D∗s ) (2
∗
D∗−s
· pB−), (1)
where GF = 1.166× 10−5GeV−2 is the Fermi coupling constant, Vcb and Vcs are the CKM matrix
elements, a1 is the effective Wilson coefficient, and fD∗s is decay constant of D
∗
s meson. The
form factor FB→D1 (m
2
D∗s ) can be parameterized as F (q
2) = F (0)/(1 − a q2
m2B
+ b q
4
m4B
), where the
parameters F (0), a, b can be found in Ref.[31].
The absorptive part of the decay amplitude for Fig.2(b) can be written as:
Abs(B− → D−X0(2900)) =− 2iGF√
2
VCKMa1
∫ |~pD∗−s |d cos θdφ
32pi2mB
gD∗sDKgDKX0mX0
F 2(t,mK)
t−m2K
· fD∗−s mD∗−s FB→D1 (M2D∗−s )(pD0 · pD− −
(pD∗−s · pD−)(pD∗−s · pD0)
m2
D∗−s
),
(2)
Abs(B− → D−X1(2900)) =2iGF√
2
VCKMa1
∫ |~pD∗−s |d cos θdφ
32pi2mB
gD∗sDKgDKX1mX0
F 2(t,mK)
t−m2K
· fD∗−s mD∗−s FB→D1 (M2D∗−s )(pD0 · pD− −
(pD∗−s · pD−)(pD∗−s · pD0)
m2
D∗−s
)
· (pK · X1),
(3)
where t = p2K and F (t,m) = (Λ
2 −m2K)/(Λ2 − t) with
Λ = mK + ηΛQCD, (4)
ΛQCD = 218MeV. It will be seen that the results are very sensitive to the values of η. The strong
coupling gDKX0 = 1.0 and gDKX1 = 9.3 are be extracted from the widths of X0(2900) and
X0(2900) [1, 2], assuming that the DK mode as the dominated one. In principle, there are some
other triangle diagrams with the intermediate D0K
0
replaced by D∗0K
∗0
or D01K
0
. Due to the
unknown structure of X0,1(2900), the required couplings of gX0,1D∗K∗ or gX0,1D1K are unknown.
FIG. 3. The predictions on the branching fractions of B− → D−X0,1 are given by the solid curves with η
varying from 2.0 to 4.0. The experimental results are shown in dashed lines with the errors indicated by the
shadow.
5Therefore, we neglect such diagrams which doesn’t affect our result, since our purpose is to see
whether the large branching fractions of B− → D−X0,1(2900) can be understood by the rescat-
tering mechanism.
The numerical results of the branching fractions of B− → D−X0,1(2900) are provided in
Fig.3. The red-dashed line and the blue-dashed line are experimental branching fractions for
B− → D−X0 and B− → D−X1, respectively. Light-grey shadow areas are experimental error
for each decay mode. It can be seen that the theoretical predictions on the branching fractions at
around η ≈ 3.0 are consistent with the experimental measurements. The production of X0,1(2900)
in B− → D−X0,1(2900) can be understood by the rescattering mechanism.
III. RESCATTERING MECHANISM IN B− → Λ−c Ξ(′)0c AND Λ0b → P+c K−
In the above section, the experimental results can be revealed by the rescattering mechanism.
It deserves to check more processes with complicated quark diagrams on the rescattering mech-
anism. The baryonic decays of B− → Λ−c Ξ(′)0c and the pentaquark productions in Λ0b → P+c K−
have similar topological diagrams with those of B− → D−X0,1(2900). All of them are the ex-
ternal or internal W -emission diagrams with a pair of quark and antiquark generated from the
vacuum and entering into the different final states. They are non-factorizable and thus calculated
by the rescattering mechanism. The topological, quark-level and the hadron-level diagrams of
B− → Λ−c Ξ(′)0c and Λ0b → P+c K− are depicted in Fig.4 and 5, respectively.
(a)
(b)
(c)
FIG. 4. The topological diagram, the quark-level diagram and the hadron-level triangle diagram of B− →
Λ
−
c Ξ
(′)0
c within rescattering mechanism are given from the left to the right, respectively.
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FIG. 5. Similar to Fig.4 but for Λ0b → P+c K−.
6Considering the strong coupling constants in Refs.[36] and [37], the branching fractions of
B− → Λ−c Ξ(′)0c and Λ0b → K−P+c are obtained by the rescattering mechanism with the results
shown in Fig.6. It can be seen that the experimental results of Br(B− → Λ−c Ξ0c) = (0.95 ±
0.23)× 10−3 [32] and Br(B− → Λ−c Ξ′0c ) = (0.34± 0.20)× 10−3 [38] can be revealed at around
η ≈ 2.0. For Λ0b → K−P+c , we only consider the JP = 1/2− states P+c (4312) and P+c (4440)
for convenience. It can be seen from Fig.6 that the branching fractions of Λ0b → K−P+c are at
the order of 10−5, similarly to those of B− → D−X0,1. The difference between Λ0b → K−P+c
and B− → D−X0,1 is the spectators which is an antiquark in B− decays whereas a diquark in Λ0b
decays, compared with Fig.1 and Fig.5. The analogy can also be seen in Br(Λ0b → Λ+c D−s ) =
(1.10± 0.10)% ≈ Br(B− → D0D−s ) = (0.90± 0.09)% [32]. Therefore, it can be expected that
Λ0b → K−P+c and B− → D−X0,1 have similar branching fractions.
FIG. 6. Similar to Fig.3 but for B− → Λ−c Ξ(′)0c and Λ0b → P+c K−.
IV. PREDICTIONS ON B− → pi−X0,1
Exotic states X0,1 have alreadly been observed in B− → D−X0,1 decays, but have to be
confirmed by other processes in the future experiments, for example, B− → pi−X0,1 decays.
The B− → pi−X0,1 decays are very similar to the B− → D−X0,1 decays with a charm anti-
quark replaced by an up anti-quark. The topological, quark-level and hadron-level diagrams of
B− → pi−X0,1 are shown in Fig.7.
Theroetically speaking, compared to B− → D−X0,1 decays, the amplitudes of B− → pi−X0,1
decays are smaller by a CKM factor of |Vus|/|Vcs| ≈ 0.225. On the contrary, D− meson has to
(a)
(b) (c)
FIG. 7. Similar to Fig.4 but for B− → pi−X0,1(2900).
7be reconstructed by D− → K+pi−pi− process in the experiments which suffers a factor of the
corresponding branching fraction and another factor of around one order smaller due to two more
tracks in the final states at LHCb. Therefore, naively speaking, B− → pi−X0,1 processes are good
alternative processes to check the results in B− → D−X0,1 decays.
The numerical results of branching fraction of B− → pi−X0,1 calculated under rescattering
mechanism are shown in Fig.9. The branching fraction of B− → pi−X0 is typically at the order of
10−9 ∼ 10−8, while the branching fraction of B− → pi−X1 is around 10−7. The results are much
smaller than naively expectation. The main reason for this unpredictable small results are caused
by lack of relatively large rescattering contribution. In this work, we only calculate the rescattering
process B− → K∗−D0 → pi−X0,1(2900) with one K meson exchanged. The other processes are
neglected.
(a) (b)
FIG. 8. (a): The theoretical branching fraction of B− → pi−X0(2900) with η varying from 1.0 to 7.0. (b):
The theoretical branching fraction of B− → pi−X1(2900) with η varying from 2.5 to 4.5.
Considering Br(B− → D+K−pi−) = (7.7 ± 0.5) × 10−5, the fraction of Br(B− →
pi−X0,1)/Br(B− → D+K−pi−) smaller than few percent. Actually, in the amplitude analysis
of B− → D+K−pi− by the LHCb collaboration [39], there is no significant enhancement or
peak in the D+K− mass spectrum. Therefore, more data are required to analyze the decays of
B− → pi−X1(2900).
V. ISOSPIN ANALYSIS ON B → DX0,1
The quark flovors of X0,1(2900) are csu¯d¯, but their isoapin are not determined. Ref.[3, 4, 9,
11, 15] predict that the X0(2900) is a isospin singlet, while Ref.[11] also considers X1(2900) as
isospin singlet.
A state of csu¯d¯ could either be isospin singlet or triplet. In order to investigate their isospins, we
could study some other processes of B → DX0,1. The isospins of X0 and X1 are not necessarily
the same. Therefore the following discussions can be used for each of X0 and X1, labeled as Xi.
In the decay of B− → D−Xi, the weak interaction happens as b→ cc¯s, which does not change
the isospin. As the initial states of B mesons are isospin doublet, the final states of DXi must be
isospin doublet as well. In the following, we will discuss the cases of Xi as isospin-0 or isospin-1
states, respectively.
8Firstly, in the case that Xi is an isospin singlet state, the isospin of DXi must be 1/2 and the
same as the initial state of B mesons. Then
A(B0 → D0X0i ) = A(B− → D−X0i ). (5)
The branching fractions of the above processes are equal to each other. WithBr(B
0 → D0D+K−) =
(1.07± 0.11)× 10−3, we then have
Br(B
0 → D0X00 )/Br(B0 → D0D+K−) = (1.15± 0.38)%, (6)
or
Br(B
0 → D0X01 )/Br(B0 → D0D+K−) = (6.29± 2.11)%. (7)
These ratios would be helpful for the experimental analysis.
In the second case that the isospin of X0i is one, the isospin of the final state DXi is a linear
combination of isospin-1/2 and isospin-3/2. For example,
|D−X0i 〉 =
√
2
3
|3
2
,−1
2
〉+ 1√
3
|1
2
,−1
2
〉
|D0X−i 〉 =
1√
2
|3
2
,−1
2
〉 −
√
2
3
|1
2
,−1
2
〉
|D0X0i 〉 =
√
3
2
|3
2
,
1
2
〉 −
√
1
3
|1
2
,
1
2
〉
|D−X+i 〉 =
1√
3
|3
2
,
1
2
〉+
√
2
3
|1
2
,
1
2
〉
(8)
Then we have
A(B− → D−X0i ) =
1√
3
A 1
2
A(B− → D0X−i ) =−
√
2
3
A 1
2
A(B0 → D0X0i ) =−
√
1
3
A 1
2
A(B0 → D−X+i ) =
√
2
3
A 1
2
(9)
where A 1
2
is the isospin amplitude in these decays. Therefore the isospin relations of the ampli-
tudes are
A(B− → D0X−i ) =−
√
2A(B− → D−X0i ) = −A(B0 → D−X+i ) =
√
2A(B0 → D0X0i )
(10)
The factor of
√
2 in the above relation can also be understood by the rescattering mechanism.
The strong couplings of XiDK have the following relations under the SU(3) flavor symmetry [5]
gX−i D0K− = gX+i D+K
0 =
√
2g
X0i D
0K
0 =
√
2gX0i D+K− (11)
9(a)
(b)
(c)
(d)
(e)
(f)
FIG. 9. The topological and hadronic triangle diagrams ofB− → D0X−i ,B
0 → D0X0i andB
0 → D−X+i ,
respectively.
WithBr(B− → D0D0K−) = (1.45±0.33)×10−3 andBr(B0 → D+D−K0) = (7.5±1.7)×10−4
[32], we have
Br(B− → D0X−0 )/Br(B− → D0D0K−) =(0.9± 0.3)%
Br(B
0 → D−X+0 )/Br(B0 → D+D−K0) =(1.6± 0.6)%
(12)
or
Br(B− → D0X−1 )/Br(B− → D0D0K−) =(4.6± 1.8)%
Br(B
0 → D−X+1 )/Br(B0 → D+D−K0) =(9.0± 3.5)%
(13)
which are useful for the experimental measurements.
B
0 → D0X0i has the same branching fraction in both cases of isospin-0 and 1 states of X0i . It
can not be used to test the isospin of X0i , but to confirm the existence of X
0
i . If B
− → D0X−i or
B
0 → D−X+0 were observed, the isospin would be determined to be one.
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VI. SUMMARY
In this article, motivated by the observation of the exotic states X0,1(2900), we calculate the
branching fractions ofB− → D−X0,1 using rescattering mechanism, which are consistant with ex-
perimental measurements. The rescattering mechanism is tested by the processes B− → Λ−c Ξ(′)0c
and Λ0b → P+c K−. The branching fractions of B− → pi−X0,1 are predicted with large uncertain-
ties. Finally, the isospins of X0,1(2900) are discussed. If B− → D0X−i or B
0 → D−X+0 were
observed, Xi(2900) could be determined as an isospin triplet state.
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